Abstract Abstract Abstract Abstract AIM: To investigate whether the routine use of fibrin glue applied onto the hepatic resection area can diminish postoperative volume of bloody or biliary fluids drained via intraoperatively placed perihepatic tubes and can thus lower the complication rate.
INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION
Hepatic resections are considered as a standard intervention in abdominal surgery. Despite this, there is still a remarkable complication rate. In addition to patient-dependent factors, aspects of the surgical technique play a major role, in particular, with regard to the occurrence of postoperative bleeding and bile leakages. A precise dissection is as important as supplements such as hemostatics and tissue glue for the daily surgical practice to avoid complications, e.g., bleeding and biliary segregation from the resection area of the liver.
The aim of the study was to investigate, whether the sealing of the hepatic resection area using biocompatible glue leads to a significant decrease of postoperative release of blood and/or biliary fluid volume, which was measured in the local drainage(s).
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MA MA MA MATERIALS AND METHODS TERIALS AND METHODS TERIALS AND METHODS TERIALS AND METHODS TERIALS AND METHODS
In a pilot study, a comparative non-randomized study of two case series, all consecutive patients with hepatic resections were enrolled with prospective data documentation over a defined observational period until the planned number of individuals was reached (n = 12 per group). Patients were retrospectively (to avoid a study bias) subdivided into two groups with or without sealing of the hepatic resection area using fibrin glue. Patient characteristics are listed in Table 1A .
Hepatic resections were carried out according to standardized technique following anatomically adequate resection margins (segmental resection, bi-/tri-segmental resection or hemihepatectomy) or as atypical hepatic resection with a tumor-free resection margin of minimally 5 mm ("wedge" resection).
Perioperative prophylaxis with antibiotics was performed (2 g of Cefotiam iv., Spizef ® , Grünthal GmbH, Aachen, Germany). After explorative laparotomy, definitely exclusion of extrahepatic tumor manifestation and exploration of the hepatic tumor lesion needs to be approached (if necessary including intraoperative ultrasound of liver parenchyma). The liver was mobilized in a typical manner at the "Ligg. triangularia" and "falciforme", a tourniquet loop was placed around the hepatoduodenal ligament. After marking the resection margins, dissection of liver parenchyma was carried out using cavitron ultrasonic surgical aspirator (CUSA) technology. The intraparenchymatic vessels and ducts of the biliary tree were clipped and cut. Bleeding control at the hepatic resection area was achieved by bi-and/or mono-polar electrocoagulation. During the dissection, Pringle's maneuver (temporary cessation of the blood flow in hepatic artery and portal vein) of maximally 20-min periods was executed to minimize the intraoperative blood loss. Bigger vessels and biliary ducts were ligated. After completion of the hepatic resection, the resection area was repeatedly coagulated (bi-or mono-polar electrocoagulation or infrared coagulation). Depending on the size of the resection area, one (or two) drain (s) was (were) placed into the subhepatic (and subphrenic) space.
According to the aim of the study, the hepatic resection area of the patients was sealed with fibrin glue (Tissucol or Tachocomb seal) or not.
For thrombosis prophylaxis heparin (low dose, low molecular heparin-derivative) was not given for 24 h postoperatively whereas antithrombosis socks were obligatory.
Patients were monitored at the surgical ICU for 24 h postoperatively.
Sealing with fibrin glue
Tissucol ® (Baxter Deutschland GmbH, Heidelberg, Germany) was applied by spraying it on the hepatic resection area. Tachocomb seal (Tachocomb ® , fibrin glue on a collagen fleece, Nycomed, Ismaning, Germany) was applied on the hepatic resection area after moistening it.
In the group of the patients with fibrin glue sealing, 13 patients (6 females and 7 males; mean age 62 years) with hepatic resections enrolled (Table 1A) , were compared with a group of 12 subjects (4 females and 8 males; mean age, 60 years) with no fibrin glue application who were enrolled in the same study period.
The diagnoses and types of resections of both groups are listed in Tables 1B and C. The fluid volumes drained via the intra-abdominally placed drains were documented in 4-h periods in a separate (Table 1D ) and additive manner (Figure 1 ), in total through a time period of 24 h.
Informed consent for hepatic resection was obtained from each patient. 
Statistical analysis
In addition to the descriptively statistical presentation of the results (SPSS 10.0 for Windows), fluid volumes of the drains in both patient groups with and without sealing with fibrin glue after hepatic resection were compared by a non-parametric test according to Mann-Whitney (U test) as appropriate. A value of P<0.05 was considered statistically significant.
RESUL RESUL RESUL RESUL RESULTS TS TS TS TS
The mean age and sex ratio of both patient groups appeared to be comparable. The spectrum and surgical extension of hepatic resections in both groups were similar.
The listed diagnoses demonstrate the patient profile, which is treated in our center of hepatobiliary surgery and varies from primary liver tumors, cholangio-and hepatocellular carcinomas (n = 2 and n = 5 in the group with and without fibrin glue, respectively), FNH (n = 2; no fibrin glue) or hepatocellular adenoma (n = 2; no fibrin glue), to metastases of colorectal (n = 8 in the group with 
fibrin glue vs n = 5 without) or gastric carcinomas (n = 1; with fibrin glue, Table 1B ). All patients showed an acceptable preoperative liver function, and no patient showed a postoperative decompensation of liver function. In the spectrum of resections, there were one right hemihepatectomy, 10 segmental resections (trisegmental resections, n = 2; bisegmental resections, n = 5; one segment, n = 3) and two atypical resections in the patient group with no fibrin glue application vs four hemihepatectomies, four segmental resections (bisegmental resections, n = 3; one segment, n = 1) and four atypical resections in the comparison group with fibrin glue (Table 1C, Figure 2 ). For sealing the hepatic resection area with fibrin glue, Tissucol ® was used in 11 patients whereas in two further cases, Tachocomb ® was chosen (data not shown). In none of the patients included in the study, a severe postoperative complication occurred neither as acute nor intermediate problem. The drain fluid was either of serous or bloody-serous nature or serous quality with slight bile impurity. The comparison of the single drain volumes of both groups including the P values is shown in Table 1D .
Through the first 8 h postoperatively, there was a tendency of a higher drain fluid volume in the patient group with no fibrin glue, which was indicated by the single (of each 4-h time period) as well as the added amounts of fluids (total volume at specific time points during the postoperative course). Through the following time periods, the segregation increased significantly in this group compared with the first two time periods of 4 h each, resulting in the fact that a significant reduction of the segregated volumes via the drains in the patient group with fibrin glue was observed after 12 h (P = 0.0059). This difference became even more distinct through the following time periods up to 24 h (P = 0.0028). Figure 1 shows the comparison of the added postoperative amount of fluids drained postoperatively from the hepatic resection area. While the summation of the single drain volumes of the patients with fibrin glue through the 24-h time period shows a linear curve, the curve in the comparison group (no fibrin glue) shows an exponential increase.
Using fibrin glue, a significant reduction of the postoperative drain volume of segregated fluids out of the hepatic resection area was found during the study period of 24 postinterventional hours.
DISCUSSION DISCUSSION DISCUSSION DISCUSSION DISCUSSION
By means of a pilot study, two patient groups with similar demographic and treatment characteristics were compared to investigate whether the application of fibrin glue on the hepatic resection area has a significant impact on the postoperative segregation of fluids via the drains. Using a precise surgical technique with accurate dissection of liver parenchyma, in particular, according to the anatomic margins of the liver segments, with CUSA and a subtle control of bleeding, the complication rate in hepatic resections can be kept low.
The hypothesis was that, by the mean of an additive sealing the hepatic resection area with fibrin glue, the rate of local complications such as postoperative bleeding and biliary fistulas can be reduced. As a first step to prove this hypothesis, the amounts of segregated fluid via the drain(s) was compared between the groups of patients with or without application of fibrin glue on the hepatic resection area despite complete control of bleeding and biliary excretion occurred immediately after accomplishing the resection. It showed a significant difference with lower volumes of segregated fluids after 24 h, indicating a further possible reduction of the surgical risk and complication rate, which can be achieved by the use of fibrin glue. However, the main result of this pilot study needs to be confirmed in a currently ongoing study, in which more patients are being included.
The possible impact of a heparin medication was excluded by the department-specific standard since the continuation of the preoperatively initiated heparin administration for antithrombotic prophylaxis was postponed by 24 h postoperatively according to the duration of the study period [1] . In addition, acetylsalicylic acid-based medication was stopped a couple of days prior to the admission. The pathophysiological background to use postinterventional sealing with fibrin glue is as follows: hepatic resection can lead to an activation of fibrinolysis. Even in the case of a perfect hepatic resection from a technical point of view, postoperative bleeding and segregations of fluids can occur though the resection that was accomplished by leaving a dry hepatic resection area [2] . By the mean of fibrin application, the hepatic resection area can be sealed and, thus, smallest microlesions can be closed. In addition, the fibrin excess can avoid early fibrinolysis.
One limitation of the study might be the possibly varying size of the hepatic resection area but which is, because of the similar spectrum of different types of hepatic resections, almost comparable. In addition, the underlying liver disease might affect the drain volume, which cannot be satisfyingly clarified in this study, which included only a limited number of patients. Furthermore, following studies need to focus on the composition of the segregated fluid with regard to the content of hemoglobin and bilirubin and the discrimination between the various types of sealing (Tissucol vs Tachocomb), which has not been the main focus and can be considered as an acceptable approximation in this pilot study. From a technical point of view, the fast availability of the fibrin-coated collagen fleece seems to be advantageous as compared with the fibrin glue, which needs to be thawed [3] . There is a varying opinion on the additive use of fibrin glue in several surgical departments. In a Japanese study, 231 hospitals were asked about their routine use in hepatic resections. While in 203 hospitals, CUSA was used for resection (87%), only 135 (60%) applied fibrin glue on the hepatic resection area after the resection [4] . Comparison studies on the use of fibrin glue in hepatic resections were undertaken using animal experiments. The difficulty in the judgment of the fibrin effect was the usage of various additional agents, the different experimental designs, and varying animal strains and species. Davidson showed the advantage of a sealing with fibrin glue and cellulose gauze application after hepatic resections with regard to a tendency of a lower rate of postoperative bleeding using a pig model [5] . Turner has described the advantage of a composition consisting of thrombin and autologous plasma for control of bleeding after hepatic resections in sheep [6] . In addition, Martis has reported the benefit of Tachocomb in hepatic resections of dogs [7] .
In conclusion, the presented pilot study in a clinical setting supports the thesis that an additional application of fibrin glue can contribute to the safe postoperative outcome as shown by the impressive statistically significant reduction of the postoperative volumes of segregated fluids via the perihepatic drain (s). Following studies using a prospective randomized study design, in a greater number of patients, and on various aspects such as the postoperative complication rate in patients with and without fibrin glue on the hepatic resection area may result in further facts and arguments for the impact and the beneficial effect of this additional tool.
